The organic acids quinic, malic, shikimic and citric were separated on a packed reverse phase fused-silica capillary column using 0.01 M K 2 HPOiH 3 P0 4 at pH 2.7 as eluent ata flow rate of2 J.LL/min, and determined with UV detection. Conventionalliquid chromatographicequipmentwas adapted for such purposes.
lNTRODUCTION
Carboxylic acids are one of the most frequently assayed types of substances among those found in fruits on account of the significant role they play in maintaining quality and nutritional value. In fact, they have a direct influence on the sensory properties of fruits and their juices, and could be added to juices to prevent sedimentation or darkening, or even to flavour them. At the same time, sorne organic acids are regarded as indicators of ripeness, bacterial activity, or m ay be used to revea1 potential adulteration.
1
In this study, from among thé different analytical techniques available (titrimetric, photometric, enzymatic, electroanalytic and chromatographic) for the determination of organic acids in foods, high performance liquid chromatography was preferred, dueto its rapidity, sensitivity and specificity and, sin ce this method entai1s uncomplicated sample pre-treatment. As in gas chromatography, the actual trend in liquid chromatographic is to reduce the intemal diameter of the chromatographic columns to below 1 mm. The most important advantages of microcolumn separations may be summarised as: increased mass sensitivity, higher separation efficiency, improved speed of analysis, less sample volume, and less solvent consumption. 24 The purpose of this work was to separate and determínate the principal organic acids in apple juice by capillary liquid chromatography ( CLC).
EXPERIMENTAL

Reagents
Analytical standard-grade quinic, malic, shikimic and citric acids were obtained from Sigma (St Louis, MO, USA), and were used without further purification. High purity water was obtained through a Millipore Milli-Q system (Milford, MA, USA). The mobile phases used were buffered solutions containing K 2 HP0 4 and adjusted to different pH values with H 3 P0 4 • All solutions u sed were filteredacross a 0.22 J..lm Millex membraneto remove any impurities.
Apparatus and Conditions
The micro-LC equipment consisted of a Kontron 422 pump (Kontron lnstruments, Milan, ltaly) connected to a T-flow-split system wich enabled the mobile phase (0.05 mL/min) to be distributed between the by-pass and the microLe column (2 f..lL/min) connected to a zero-dead volume Valco injector equipped with a 60 nL intemalloop (Valco, Houston, TX, USA). Detection was performed by means ofKontron model430 UV-Vis detectorwith a 90 nL, 20 mm, flow cell.
Column effluents were monitored at 206 nm and were recorded and integrated with a Data System 450 software from Kontron lnstruments. Analyses were carried out in the isocratic mode by using 0.01 M K 2 HPOiH 3 P0 4 at pH 2.7 as eluent at room temperature (20 ± 2 °C). The microcolumn used was a Spherisorb ODS-2 (300 x 0.32 mm i.d., 5 f.!m) (LC Packings,Amsterdam, The Netherlands).
ApJ:»Ie Juice Samples
The apples were harvested el ose to optimal processing maturity, and the juice was produced without cold storage previous to sampling. Single-variety juices were extracted from typical varieties employed for apple juice manufacture. Two different technological treatments were employed in order to stabilise the apple j u ice obtained: ceram ic (Gamma Alumina) crossflow m icrofiltration (MF) with 0.2 f.!m pore size (Millipore, Milford, MA, USA), and ultrafiltration(UF) by means of a zirconium oxide membrane with 50 K of MWCO {TECHSEP Carbosep, Lyon, France ). The filtration conditions were as follows: superficial velocity 5 m/s, pressure 3.5 bar, temperature 30 °C for MF and 30 °C~and 50 °C for UF. The juices were frozen ( -20 °C) until their analytical determination and chromatographicanalysis was carried out by direct injection ofthe sample.
RESULTS AND DISCUSSION
We studied the effect of the elution conditions (pH, ionic strength, organic modifier and flow-rate) on the resolution of the acids con cerned, by varying one parameter at a time, while keeping all the others constant. Taking into account the pKs ofthe different organic acids assayed, the previous studies carried out by our group, 5 -7 and the mínimum pH recommended for the capillary chromatographic column operation, we assayed the pH ranging between 2.5 and 2.9. For pHs close to 2. 9 a good resolution does not exist among the malic and shikimic acids, whereas for low pHs, the elution time of the citric acid is too high. In consequence, a pH of 2. 7 was selected. The effect of the ionic strength of the eluent on the retention time of carboxylic acids seems to be slight, but it can be observed, that when the ionic strength decreases (below l 0" 3 M), the width of the peaks in creases and the chromatograms lose resolution. In consequence, an ionic strength of 1 0" 2 M was fixed. Taking into account the low lipophility of carboxylic acids, the acetonitrile organic modifier percentages were varied between 0.25% and 0.75%. In fact, an improvementin the performance in presenceofthe organic modifier is not observed. On the contrary, starting from 0.5% of organic modifier, the shikimic and malic acids are partly overlapped. The flow rate, selected on the basis of the resolution, time of analysis and pressure drop across column, was 2 f.!L/min. Figure 1 shows the chromatogram obtained under these optimised conditions. The quantification of the organic acids was achieved by using the externa! standard method. Calibration plots were generated by repeated injections of 60 nL of standard solutions of organic acids of different concentrations, and the resulting plots were stored in the data module. A good correlation of the standards and corresponding peak areas (r=0.999) over the range between the detection limits and 120 ng for quinic and citric acids, 600 ng for malic acid and 6 ng for shikimic acid, were established. A volume of 60 nL of the apple juice was then injected and the amount of organic acids was obtained directly from the data module. The data module calibration was checked regularly with standard solutions.
Recovery studies were performed for an apple juice. Each organic acid was spiked at three different concentrations in triplicate on different days. Typical recoveries ranging from 91-105% for organic acids at all spiking levels were obtained. The coefficients of variation were generally less than 5%. These results indicate that the method has an adequate degree of accuracy for the analysis of these solutes. The limits of detection for the described method were 2.4, 2.1, 0.04 and 2.9 ng per injection (signal-to-noiseratio = 3) for quinic, malic, shikimic and citric acids, respectively. A typical chromatogram for an apple juice obtained according to the technologies described above and using the operating conditions specified, is shown in Figure 2 . As can be seen, only malic and shikimic acids are present in these apple juices. We could not determine the presence of citric acid as it was found in small concentrations and was only detected when malic acid occurred at greater concentrations, thereby confirming that changes in both acids follow a similarpattem. 6 As has been reported, 8 the quinic acid content decreases during the ripening ofthe fruit. This decrease may be the result ofthe synthesis of chlorogenic acid. As these juices were obtained from ripe apples, their concentrations were below , the detection limits ofthe method. Table 1 shows the changes in malic and shikimic acids when the apple juice was clarified by membrane technology. As can be seen, the contents of organic acids in the apple juices processed decrease with the technological treatment employed in their stabilisation. This fact has also been reported in the clarification of other products such as wine and grape juice by microfiltration and ultrafiltration. The temperature effect could ha ve a very important intluence on the recovery level of the organic acids during membrane treatment. The higher recovery of malic and shikimic acids was monitored in UF at higher temperatures, wich could be explained on the basis of a greater solubilizing effect.
CONCLUSIONS
Reverse phase HPLC with microcolumns provides a rapid, simple and economic altemative for the separation and determination of organic acids. The proposed method is particularly suitable for determining quinic, malic, shikimic and citric acids in apple juice, but it can also be applied to other sample types.
